Distress
screening of parents of children undergoing HSCT is needed. Multidisciplinary psychosocial support services should be offered to parents at regular intervals during their child's HSCT.
H ematopoietic stem cell transplantation (HSCT) is an intense treatment modality offered with curative intent to children with severe oncologic, immunologic, metabolic, or hematologic conditions. Although pediatric HSCT outcomes have improved over time, there remains a significant risk of disease relapse or complications related to the transplant procedure. 1 Parents of children undergoing HSCT are at risk for increased psychological distress because of the high rate of transplant-related morbidity and mortality, caregiver burden, and potential adverse socioeconomic consequences. 2Y4 Substantial levels of depression, anxiety, and posttraumatic stress have also been reported in this parent population.
5Y8
Although psychological parameters of parent distress have been studied in the pediatric stem cell transplant setting, associated physiologic outcomes have not been measured despite reports of potentially harmful physiologic outcomes in parents caring for children with other medical or behavioral conditions. Altered neuroimmune and endocrine functions have been observed in parents caring for children with cancer, 9 ,10 whereas hypothalamicpituitary-adrenal (HPA) axis dysfunction has been reported in mothers caring for children with cerebral palsy and parents of children with autism and attention deficit disorder. 11, 12 Little is known about alterations in physiological markers of stress in parents in the pediatric HSCT setting over time. Before conducting studies of candidate markers, such as parameters of immune, inflammatory, and neuroendocrine functioning, data are needed regarding the feasibility of longitudinal physiological measurements in these parents. The purpose of this study was to describe alternations in parent-perceived stress and physiological parameters of parent perceived stress over time in parents of children undergoing HSCT.
Objective 1: To explore the feasibility of collecting longitudinal questionnaire and physiologic stress response data in parents of children undergoing HSCT. Objective 2: To describe changes in parent perceived stress and physiologic stress responses over the first 100 days of the child's HSCT. Objective 3: To calculate effect sizes for relationships between parent perceived stress and physiologic stress response parameters.
Background
Hematopoietic stem cell transplantation is a stressful event for children and parents. Uncertainty about their child's outcome and risk of death are significant stressors for parents of children undergoing HSCT. Time constraints and increased financial demands are placed on these parents as well. 13 Parents often provide intense, around-the-clock care during the acute and recovery phases of their child's HSCT. 14 Parents are prone to lack of sleep and neglecting their own healthcare needs because their focus has shifted to the needs of their acutely ill child. Because of their child's lengthy hospital stays, parents often spend less time participating in restorative activities such as time with family and friends, rest, and exercise. 15 This type of intense psychological stress is a stimulus that directly acts on the HPA axis and sympathetic nervous system. 16 Activation of the HPA axis results in production and release of corticotropin releasing hormone from the hypothalamus, which in turn causes the anterior pituitary to release adrenocorticotropic hormone. Glucocorticoids are then released into the systemic circulation by the adrenal cortex. Sympathetic nervous system (SNS) activation stimulates secretion of catecholamines (norepinephrine and epinephrine).
In certain doses, glucocorticoids and catecholamines can initiate an early inflammatory response, causing increased production of cytokines and acute phase reactants. 17 Glucocorticoid resistance, however, may result from chronic activation of the HPA and SNS axes. Potentially caused by the down-regulation of glucocorticoid receptors on the cell surface of immune cells, glucocorticoid resistance is a condition in which immune system cells become hyporesponsive to the effects of glucocorticoids. 9 Glucocorticoid resistance can thereby create a proinflammatory state that may predispose individuals to inflammatory conditions such as coronary artery disease, type II diabetes, and Alzheimer's disease. 18, 19 In support of these hypotheses, spousal caregivers of patients with Alzheimer's were 2.2 times more likely to demonstrate an ultrasound-confirmed carotid plaque than non-caregiver controls (95% confidence interval, 1.01Y4.73; P = .048) when controlling for other risk factors for atherosclerosis. 20 In a prospective study of US nurses, caregiving was associated with an increased risk of coronary artery disease (relative risk, 1.82; 95% confidence interval, 1.08Y3.05) when controlling for age and relevant risk factors. 21 It is reasonable to extrapolate these results to parents of children undergoing HSCT owing to the intensely stressful nature of the transplant process and burden of care placed on parents. Taken together, these findings suggest that parent caregivers are also at risk for adverse health outcomes and potentially those outcomes mediated by psychoneuroimmunology and inflammatory pathways.
Psychoneuroimmunology studies have demonstrated that HPA axis dysfunction, increased production of inflammatory mediators, and immune dsyregulation may result from psychological stress. 22 Psychological stress has been associated with cytokine dysregulation and increased in vivo levels of certain pro-inflammatory cytokines, namely interleukin (IL)-1 and IL-6.
9,23Y26 Furthermore, parents of children with cancer were found to have less dexamethasone suppression of IL-6 than did parents of healthy children. 9 In addition, studies of parent and other caregivers have shown elevations in C-reactive protein (CRP; a nonspecific inflammatory marker) associated with psychological stress resulting from short-and long-term caregiving. 25, 27, 28 Impaired cell-mediated immunity and a shift of lymphocyte populations have been demonstrated in caregivers of adults with dementia.
29Y31 Benaroya-Milshtein et al 10 found aberrations in adaptive immunity in depressed parents of children with cancer. Cytotoxic T cells (CD8) were higher in depressed versus nondepressed parents, whereas helper T cells (CD4) were decreased in depressed parents. In terms of innate immunity, parents of children newly diagnosed with cancer were found to have similar natural killer (NK) cell number and activity when compared with an immune reference group comprised of healthy adults. 32 Benaroya-Milshtein et al 10 confirmed this finding; no differences in NK cell number were observed in depressed compared to non-depressed parents of children with cancer.
Psychological stress associated with parenting a sick child has also been associated with various neuroendocrine sequelae. Salivary cortisol, a proxy measure of HPA axis activity, was decreased in response to psychosocial stressors among parents of children with autism spectrum disorders, and those caregivers reported increased numbers of health complaints. 33 Caregivers were found to have lower cortisol levels at all time-points. Miller et al 9 observed flatter diurnal cortisol slopes in parents of children with cancer. Benaroya-Milshtein et al 10 also studied parents of children with cancer and found no differences in serum cortisol between depressed and nondepressed parents. Salivary amylase is produced locally by the salivary glands, and has been associated with stress-induced activity of the SNS 34 ; however, literature focused on the salivary amylase response to stress in parents caring for ill children is limited. Figure 1 displays the conceptual model used to guide this study. This model depicts proposed links between the child transplant (the stressor) and the resulting psychological and physiologic consequences. It integrates interrelated biological and psychological constructs to describe health outcomes. The bidirectional arrow indicates an interdependent relationship between parent-perceived stress and parent physiologic responses to stress. This conceptual model was adapted from a neurogenic inflammation model that explicates the complex, bidirectional interaction between the central nervous system and the immune system. 17 In summary, psychological stress can have adverse immune, inflammatory, and endocrine effects and may lead to the development of chronic inflammatory conditions. However, physiological consequences of stress have not been reported in parents of children undergoing HSCT.
n Methods
Setting
The study was conducted between July 2013 and July 2014 at a large children's hospital in the Midwest. Approximately 40 to 50 stem cell transplants are performed annually at the center.
Sample
Parents were identified from a weekly referral list generated by the HSCT team and recruited before their child's initial HSCT admission. Eligible participants included parents of male or female children ages 1 month to 25 years with any disease requiring an autologous or allogeneic HSCT and a pre-HSCT Karnofsky or Lansky score of 70% or higher. Lansky and Karnofsky scores are performance scores that take into account impact of disease and disease treatment on daily function and activity status. Lansky scores are used for children younger than 16 years, 35 and Karnofsky scores are used for individuals 16 years or older. 36 Performance status scoring was incorporated into the inclusion criteria to minimize a potential confounding factor of caring for a seriously ill child pre-HSCT.
Parents were excluded from the study if their child had a history of stem cell or solid organ transplantation or if parents had a history of serious psychiatric or medical illness. A parent control group was not included in this feasibility study.
Measures
All parent measures including blood and salivary studies were completed at baseline, then monthly for 3 months from day 0 through day 100 after the child's HSCT. Parent blood was drawn by HSCT nurses. This venipuncture took place in the pediatric HSCT clinic or on the inpatient HSCT unit and coincided with routine clinical care for the children so as not to add increased appointment burden for parents. Written and verbal instruction regarding saliva collection was provided to parents at baseline. Parents self-collected saliva within 1 to 2 days before their scheduled venipuncture and delivered their saliva samples to the HSCT nurses at the time of venipuncture. 
Pre-HSCT/Baseline Measures
Pre-HSCT Lansky or Karnofsky scores were extracted from the child's electronic medical record. Parents completed a demographic and health history questionnaire at study entry. This questionnaire was specifically created for this study and addressed parent age; education; household income; employment and marital status; number of children; lifestyle factors such as exercise, alcohol, drug, and tobacco use; medication use; pregnancy status; and health history.
Perceived Stress
The 14-item Perceived Stress Scale 37 was used to measure psychological stress at each time point over the study duration. This 5-point Likert scale evaluates the extent to which one's life situations are perceived to be overwhelming, unpredictable, and uncontrollable over the past month. Participants rate responses from 0 (never) to 4 (very often). Higher mean scores indicate greater perceived stress. Positively worded items are reverse scored. Composite scores are then obtained by summing across all 14 items. Total possible scores range from 0 to 56. Cronbach's ! has ranged from .84 to .86 in previous studies. 37Y39 Concurrent validity has been demonstrated by high correlations with depressive and physical symptoms, as well as perceived impact of life events (all P values < .01).
37,38
Inflammation and Immune Function C-reactive protein is a nonspecific marker of inflammation, with normal levels typically below 1.0 mg/mL. 40 Protein concentration was measured using a latex immunoturbidometry assay.
Lymphocytes are normal components of the immune system. Total T cells (CD3+), T-helper cells (CD4+), cytotoxic T cells (CD8+), B cells (CD19+), and natural killer cells (CD16+/56+) were measured using a flow cytometric assay. Normal absolute counts in adults are as follows: CD3+, 983 to 3572 cells/2L; CD4+, 491 to 2000 cells/2L; CD8+, 314 to 2087 cells/2L; CD19+, 64 to 800 cells/2L; and CD16/56+, 27 to 693 cells/2L. 41 The assay used Becton Dickinson Trucount beads and FACSCanto software to determine absolute counts of the lymphocyte subsets.
Cytokines are important in cell signaling and produced by a wide variety of lymphocytes, although diagnostic reference ranges for these assays have yet to be established and validated in adults. 42 Plasma concentrations of proinflammatory cytokines, including IL-1, IL-6, IL-8, and tumor necrosis factor-!, were measured using a sandwich immunoassay (V-Plex MSD Muli-spot system, Meso Scale Discovery, Rockville, Maryland) according to manufacturer's instructions. Proinflammatory cytokine samples were run in triplicate.
Neuroendocrine Patterns
Basal HPA axis and SNS activities were measured by assessment of salivary cortisol and !-amylase, respectively. Under normal circumstances, salivary cortisol peaks at waking then steadily declines throughout the day, whereas salivary amylase sharply drops at waking then steadily increases throughout the day. 34, 43 The saliva collection procedure was explained to parents in detail and supplemented with a handout that contained collection instructions and space to record saliva collection times. These handouts were returned with the collected saliva and reviewed to assess parent adherence to the collection protocol. Participants were instructed to chew on a cotton, dental roll (Salivette, Sarstedt, Nümbrecht, Germany) for 1 to 2 minutes at each time point throughout a given day. The saturated cotton roll was returned to the tube and placed in the participant's refrigerator for up to 24 hours. The following time points were included: at waking, 30 minutes after waking, 12 noon, and 10:00 PM. These time points were selected to establish a diurnal pattern of salivary cortisol and amylase secretion.
Saliva samples that were returned were centrifuged to yield clear supernatants. These samples were subsequently frozen at j20-C until the assays were performed. Liquid chromatography/ tandem mass spectrometry was used to quantify salivary cortisol. Cortisol samples were run in singlicate. Salivary !-amylase was quantified using an enzyme kinetic assay previously described. 34 Salivary amylase samples were run in triplicate to ensure accuracy.
Area under the curve (AUC) was calculated for salivary cortisol and !-amylase using the trapezoidal method. 44 In addition, cortisol-awakening response was calculated by subtracting the cortisol at waking from the 30-minute postwaking value.
Procedures
The study was approved by the institutional review board, and written informed consent was obtained from all participants before study enrollment. Eligible parents were approached for study enrollment in consecutive order as their children were admitted for conditioning. Parents were enrolled in the study for a 3-month period.
Study observations occurred at baseline (T5 days of the start of the child's HSCT conditioning), at day +30, day +60, and day +100. Parents completed a baseline demographic and health history questionnaire designed specifically for this study. At each of the 4 time points, parents completed the perceived stress questionnaire, underwent venipuncture for a single blood sample, and provided 4 saliva samples throughout the day.
Statistical Analyses
Data analyses were performed using SPSS Statistical Analysis software, version 21. Descriptive statistics were calculated for parent demographics (age, gender, ethnicity, education, number of other children, marital status, and baseline health complaints) and child characteristics (age, length of stay, diagnosis, transplant type, incidence of graft-versus-host disease [GVHD] , and mortality), perceived stress, and physiologic outcome variables. Repeatedmeasures analysis of variance was performed to assess longitudinal trends of outcome variables. Probability statements were adjusted using Greenhouse-Geisser corrections. Effect sizes using Cohen d were calculated for each variable.
n Results
Sample Description
Thirteen parents were approached for enrollment in consecutive order. One parent declined enrollment, citing extenuating personal circumstances. The final sample consisted of 12 parents (10 mothers and 2 fathers) of children undergoing HSCT. The attrition rate was 8%. One mother withdrew from the study after the baseline time point had been completed because of the death of her child.
Parent characteristics are shown in Table 1 . The mean (SD) age of the parents was 33.1 (7.3) years. Most parents (58%) were white and had other children in addition to the child undergoing HSCT (83%). All parents graduated from high school and most were college graduates or had some college education (83%). Fifty-eight percent of parents were married. Parents selfreported the following health complaints at the time of study enrollment (before their child's HSCT conditioning): migraines (58%), hypertension (42%), and depression and/or anxiety (42%).
Child characteristics are shown in Table 2 . Child mean (SD) age was 5.2 (4.6) years (range, 6 months to 16 years). Most children were transplanted for a malignant condition (67%). Eight children received an allogeneic HSCT (67%), and 4 underwent an autologous HSCT (33%). Fifty-percent of children who underwent allogeneic HSCT met criteria for grade 2 to 4 acute GVHD. The mean (SD) length of stay for their initial transplant admission was 33.6 (14.1) days. One child died of causes related to disease progression on day j3 of her transplant conditioning. Pretransplant observations were obtained from this parent; however, no follow-up parent data were obtained after the child's death.
Feasibility and Missing Data
Feasibility of obtaining longitudinal data from parents was supported by the low level of missing data and high level of parent adherence to the saliva collection protocol. All parents enrolled in the study (n = 12) completed the baseline measurements, including questionnaire completion, venipuncture, and saliva collection. Prospectively, 92% (n = 11) completed all of the study measures at each time point (day +30, +60, and +100). There were no missing parent blood samples during the study likely because venipuncture coincided with child clinic appointments or inpatient hospitalizations. Parents adhered to the salivary collection protocol based on review of the parent-completed, saliva collection handouts. Specifically, parent saliva was collected at the requested times without deviation from the collection protocol.
Aside from the parent who was not evaluated following the child's death, there was minimal missing data. There were no missing perceived stress scale, cytokine, flow cytometry, or CRP data. Of 192 total data points for the saliva collection, 2.8% were missing, excluding the parent who was not evaluable after the pretransplant time point.
Perceived Stress and Lymphocyte Subsets
As shown in Figure 2 , parent perceived stress significantly increased from pre-HSCT through day +100 (F 3, 30 = 4.7, P = .015). As shown in Figure 3 , parent CD3+ T-lymphocyte counts (total T lymphocytes) progressively decreased from pre-HSCT through day +100 (F 3, 30 = 3.67, P = .031). Significant decreases over the same time points were also found for the CD3+/CD4+ subset (T helper cells) (F 3, 30 = 3.23, P = .047) (Figure 4 ) and for the CD3+/CD8+ subset (cytotoxic T cells) (F 3, 30 = 3.53, P = .049) ( Figure 5 ). No significant changes over time were observed for B lymphocytes (CD19+), natural killer cells (CD16+/56+), or activated T cells (CD3+/DR+ cells) (data not shown). The results of parent lymphocyte subsets analyzed over time are presented in Table 3 .
Proinflammatory Cytokines
Although no significant changes from pre-HSCT through day +100 were found in parents' serum concentrations of IL-6 (F 3, 30 = 0.64, P = .53) or IL-8 (F 3, 30 = 0.66, P = .46), linear trends were found for both cytokines that approached statistical significance ( Figures 6 and 7) . Parent IL-6 concentration was found to increase over time, whereas IL-8 concentration was found to decrease over time. No trends were found with respect to longitudinal changes in parents' concentrations of either tumor necrosis factor-! (F 3, 30 = 1.34, P = .0.28) or IL-1" (F 3, 30 = 0.31, P = .63) (data not shown).
C-Reactive Protein
C-reactive protein concentration was within the normal range for all enrolled parents, and remained normal for the duration of the study. No significant change was found for CRP over time (F 3, 30 = 0.39, P = .59) (data not shown).
Endocrine Markers
Salivary cortisol and amylase AUCs were calculated for each time point. No significant changes were found for either salivary cortisol AUC (F 3, 21 = 0.93, P = .37) or amylase AUC (F 3, 21 = 0.99, P = .40). Similarly, no significant changes were found for cortisol awakening response (cortisol at 30 minutes after wakening minus cortisol at wakening) (F 3, 27 = 1.1, P = .33) (data not shown).
Effect Size and Power Analysis
Calculated effect sizes are presented in Table 4 . Effect sizes ranged from 1.23 (perceived stress) to 0.07 (CRP). With the current sample size of 12, minor effects that were not statistically significant were observed for physiological variables with the exception of total, T-helper, and cytotoxic T cells. Using the median effect size of 0.3, a sample of 140 would be necessary to have a power of 0.8.
n Discussion
Feasibility
The results of this pilot study suggest that it is feasible to measure longitudinal parent outcomes in the pediatric HSCT setting. Parents adhered to the saliva collection protocol, and there was no missing questionnaire or blood sample data. Furthermore, a low attrition rate (8%) was observed over the 3-month observation period. This low attrition rate and minimal missing date suggest that the instruments and specimen collection were not overly burdensome for parents as their children undergo HSCT. The feasibility of this pilot study supports replicating this study with a larger sample to test hypotheses. 
Psychologic Outcomes
Findings of this study suggest that parents' perceived stress steadily increases from their child's transplant admission through the first 100 days after transplantation. Elevated stress levels have been previously reported in parents caring for children undergoing HSCT. Phipps et al 4 found that parents demonstrate significant increases in global distress (a combined measurement of mood disturbance, perceived stress and caregiver burden) from admission through day +42 post-HSCT, with resolution to less than admission levels noted by 4 to 6 months post-HSCT. The occurrence of transplantrelated complications may explain increases in parental stress after their child's HSCT. In a prospective study of pediatric HSCT recipients, moderate to severe acute GVHD, organ toxicity, and systemic infection were associated with decreased parent emotional functioning between 45 days to 3 months after HSCT. 46 Although depression and anxiety were not included as outcome measures for this study, a significant number of parents selfreported symptoms of depression and/or anxiety at the time of study entry. Depression and anxiety have been previously observed in mothers of children undergoing HSCT. 3, 7, 8, 47, 48 In 1 study, 15% of mothers (N = 115) had moderate to severe depression based on the Beck Depression Inventory (BDI) and 18% of mothers had moderate to severe anxiety based on the BDI.
Physiologic Outcomes
Parents' total, helper, and cytotoxic T-lymphocyte counts significantly decreased from baseline to day +100 ( Figures 3Y5). However, all 3 T-lymphocyte populations remained within the clinically normal ranges at each time point.
Decreased T-helper cells with concomitant increases in cytotoxic T cells have been reported in other caregiving populations and individuals under intense stress. 10, 49, 50 Those results differ from the results reported in this study, in that cytotoxic T cells also decreased over time in these parents of children undergoing HSCT. Benaroya-Milshtein et al 10 sampled parents caring for children with cancer and, based on results of the BDI, divided parents into depressed and non-depressed groups. Compared with nondepressed parents, depressed parents had significantly lower CD4 counts, higher CD8 counts, and lower CD4/CD8 ratios; in addition,, BDI scores were negatively correlated with CD4/CD8 ratios. 10 In spousal caregivers of dementia patients, depression was associated with lower T-cell proliferation to mitogens and a shift to increased CD8 cells. 49 Older female caregivers (>45 years) of handicapped patients were also found to have a more pronounced shift from T-helper cells to cytotoxic T cells, 50 suggesting that age and/or years of caregiving may play an important role in the impact of caregiving stress on the immune system. However, in the current study, cytotoxic T cells did not increase in this parent sample, potentially because of their relatively young age (median age of 33 years). Furthermore, the duration of caregiving is relatively short in parents caring for children in the acute phase of HSCT, compared with spousal caregivers of dementia patients. The chronicity of caregiving may be positively associated with a shift in T-cell populations from T-helper cells to cytotoxic T cells and also may explain the absence of such a shift in these parents of children undergoing HSCT. The mechanism responsible for the observed alterations in T-cell subsets may relate to changes in regulatory T-cell populations (Tregs), neurotransmitters, and neurotransmitter receptor expression as a function of psychological state. The brain neurotransmitter, 5-hydroxytryptamine (5-HT), is low in individuals with depression and has been shown to modulate the immune system. 51, 52 Furthermore, the 5-HT 1a receptor (5-HT 1a R) mediates the function of 5-HT in depression and peripheral immune function. 53 Decreased expression of 5-HT and 5-HT 1a R has been found in peripheral blood of patients with major depression (MD) compared with healthy controls, whereas regulatory T cells and 5-HT 1a R expressions within Tregs were significantly decreased in patients with MD. 53 These observations suggest a potential interaction between Tregs and neurotransmitters that may result in immune dysfunction in patients with MD.
Longitudinal analysis of inflammatory markers such as CRP and proinflammatory cytokines did not reveal any significant changes from baseline, although trends were observed for an increase in IL-6 and a decrease in IL-8 over time. A systematic review and meta-analysis of the impact of psychological stress on inflammatory markers found robust effects for increases in IL-6 after episodes of acute stress. 54 The poststress effect for CRP was less robust, and there were too few studies examining IL-8 to include in the review. However, some studies of individual caregiving populations have reported alternations in proinflammatory cytokines that coincide with periods of increased caregiver stress, 9, 26, 55 whereas other studies have not observed such trends. 25, 28 This discrepancy may be because of differences in measurement technique and timing of measurements, in addition to variability in cytokine release by multiple tissues, random fluctuations, and transient cytokine responses to changes in mood and dietary intake. 54 In this study, there were no significant time effects observed for parameters related to salivary cortisol or amylase. Previous cross-sectional studies have reported significant cortisol changes related to parenting stress. 9 Parents caring for children with cancer displayed flatter diurnal cortisol slopes and reduced cortisolawakening response in comparison with age-and gender-matched controls. 9 With respect to the current study, the use of age-and gender-matched controls would have enabled direct normative comparison of these endocrine markers at each time point and should be considered for future research of parents of children undergoing HSCT.
Clinical Implications
The results of this study suggest that parents of children undergoing HSCT experience high levels of perceived stress. Significant effects were also observed with respect to longitudinal decreases in T-cell subsets, suggesting that parents of children undergoing HSCT may be at risk for alterations in lymphocyte-mediated immune function. Pediatric transplant clinicians should perform routine screenings of parent physical and psychological health during the acute phase of HSCT. Factors that have been shown to relate to parent psychological distress in the pediatric HSCT setting and should be assessed by clinicians as part of a pretransplant psychological evaluation include parent psychiatric history, 7, 56 methods of coping and cognitive processing, 8, 57 history of traumatic life events, 58 family environment, 47, 56 and availability of social support. 5 Psychosocial support services should be readily available for parents before and after their child's transplantation. A combination of individualized counseling services and easily accessible parent support groups should be offered to these parents periodically throughout their child's HSCT. A multidisciplinary team consisting of nurses; physicians; social workers; psychologists; and music, art, and child-life therapists should work together to provide seamless psychosocial support.
Limitations
The primary limitation of this pilot study is the small number of subjects. As a result, longitudinal variations of some physiologic parameters such as cytokines, CRP, and salivary studies may not have been detectable. Furthermore, the impact of confounding factors such as child demographic and transplantation characteristics could not be assessed reliably. However, this study did establish the feasibility of evaluating parent psychophysiological outcomes during their child's HSCT, as evidenced by an overall lack of missing data.
A second limitation is the lack of a parent control group. The use of an age-and gender-matched control group consisting of parents of medically healthy children would enable direct comparisons across psychophysiological parameters of stress, while controlling for potentially confounding factors.
A third limitation is the lack of a comprehensive psychosocial assessment of parents. Depression and anxiety are prevalent in this parent population and have been shown to impact physiological parameters of stress. 25, 53, 55, 59 The use of standardized depression and anxiety inventories may have revealed correlations with physiologic parameters. Social support and family environment are additional variables that have been shown to influence psychophysiological parameters of stress 6, 8, 47, 56, 60 and are worth investigating. In addition, potential selection biases were created by a gender imbalance toward mothers and enrollment from a single institution that offers a wide variety of support services. Previous research has demonstrated that the transplant center may be a significant factor in parent stress associated with pediatric HSCT. 46 
Directions for Future Research
The effect sizes generated by testing the constructs presented in Figure 1 can be used to power future hypothesis-testing studies of parent-perceived stress and physiologic responses to stress in the pediatric HSCT setting. Although this study is the first to report psychophysiologic outcomes of parents of children undergoing HSCT, its limitations preclude statements regarding causality. A larger, prospective, multi-institutional, comparison group-controlled study of outcomes for this parent population would permit correlation analyses between psychological and physiologic outcomes and reduce potential biases. Simultaneous short-and long-term monitoring of parent physical health outcomes could aid in interpretation of physiologic outcome results. Furthermore, parent psychiatric outcomes such as anxiety, depression, and posttraumatic stress disorder should be incorporated into future parent research in the pediatric HSCT setting.
Future studies of parent psychophysiologic outcomes should include a comprehensive set of parent and child parameters. Cofactors that may alleviate or exacerbate parent distress should be studied simultaneously and might include social support, coping, and demographic factors. Furthermore, parent neuroendocrine, immunologic, and inflammatory markers should be prospectively studied at regular intervals from preadmission. In vitro proliferative responses to mitogens and antigens, antibody responses to vaccination, and NK cell cytotoxicity would be informative regarding functional aspects of immune function.
Finally, multi-institutional studies are necessary to develop and evaluate the efficacy of interventions for parents of children undergoing HSCT on parent psychophysiologic outcomes. Psychophysiologic parameters of parent distress may be used as outcome measures for intervention studies. Randomized, longitudinal, repeated-measure, cohort studies would be necessary to detect differences in parent distress outcomes between control and intervention groups.
